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Murine monoclonal anti-idiotype antibodies raised
against a human monoclonal anti-ganglioside antibody
identified as 1.612. Both alpha and beta type anti-idi-
otype antibodies are disclosed which belong to the
IgG1 class and contain kappa light chains. Two hy-
bridoma cell lines which produced the monoclonal
anti-idiotype antibodies are identified. The beta-type
anti-idiotype antibodies are useful as an immunization
agent to raise antibodies which are immunoreactive
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MURINE MONOCLONAL ANTI-IDIOTYPE
ANTIBODIES

This invention was made with Government support
under Grant Nos. CA 30647, CA 42396 and CA 12582
awarded by the National Cancer Institute.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to anti-idi-
otype monoclonal antibodies and their use as surrogate
antigens, immunomodulators, immunosuppressants and
immunodiagnostic agents More particularly, the pres-
ent invention involves murine monoclonal anti-idiotype
antibodies which are developed against a human mono-
clonal antibody reactive to cancer cells. The present
invention not only involves use of the anti-idiotype
antibodies, but also includes the cell line which produce
the anti-idiotype antibodies.

2. Description of Related Art

The publications and other reference materials re-
ferred to herein to describe the background of the in-
vention and to provide additional detail regarding its
practice are hereby incorporated by reference. For
convenience, the reference materials are numerically
referenced and grouped in the appended bibliography.

The possibility that the variable regions of immuno-
globulins could act as external antigens was first recog-
nized by Jerne in his idiotype network theory (1). Ac-
cording to this theory, recognition of idiotypes on the
antigen-combining site, or on the framework of ABI,
resuits 1 the production of anti-idiotypes (anti-ids or
AB2) beta and alpha, respectively. Such “internal im-
age” anti-idiotypes, by virtue of their complementarity
with the original antigen binding site, mimic the original
antigen and often behave in a similar biological manner.
The concept of internal image refers to the fact that
some AB2 molecules can act as surrogate antigens and
their administration can lead to the production of anti-
anti-idiotype antibodies displaying similar characteris-
tics of AB1.

Immunization using anti-ids as surrogate antigens has
generated much interest among researchers, many of
whom have experimented with AB2 vaccines for active
specific tmmunization against viruses, bacteria, and
other pathogens (2,3). This approach is useful when a
conventional vaccine or antibodies are not available, or
are difficult to produce or when the corresponding
antigen is not a suitabie product for genetic engineering.
In addition, anti-ids can be used as immunomodulators
for up-regulating inmunity against cancer, and as im-
munosuppressants to prevent rejection of transplanted
organs and to prevent the progression of auto-immune

Gangliosides are glycospingolipids that are funda-
mental membrane components on human tissues. Gan-
ghosides undergo characteristic changes during malig-
nant transformation of normal cells and thus are desir-
able target antigens for immunotherapy of cancer. Mel-
anoma synthesizes a large number of gangliosides and
thus has served as a useful model to assess the potential
of gangliosides as immunotherapy targets. A number of
tumor-associated gangliosoides of human melanoma
and their respective immonogenicity have been defined
(12-29). In addition, it has been shown that active im-
munization with ganglioside antigens results in pro-
longed survival of melanoma patients (4,5). Neverthe-
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less, this technique suffers in many areas, namely that
the ganglioside antigen are many times rare or in short
supply.

Tumor-associated antigens, in most cases, are present
in nature only at low levels and are relatively difficult to
purify in large amounts. In contrast, anti-ids can be
secreted from hybridoma cells at low cost over long
periods of time. Furthermore, current genetic engineer-
ing technology, while not applicable to ganglioside
epitopes, can be used to synthesize the anti-id peptides.
Anti-ids previously developed for active specific immu-
notherapy of human cancer have used murine mono-
clonal antibodies (MuMabs) as the immunogens (6-11).

In addition to their use as surrogate antigens, murine
monoclonal antibodies have also been employed to
define and characterize many antigenic molecules on
human cancer cells. Murine monoclonal antibodies
have several advantages over human monocional anti-
bodies including a strong affinity for tumor antigens,
higher antibody secretion by hybridoma ascites, and
high antigen density on tumor cells. However, with
respect to therapeutic use, recent clinical trials with
murine monoclonals have indicated that human mono-
clonal antibodies (HuMAbs) may be preferable since
repeated injections of MuMADbs induce anti-murine Ig
antibodies in virtually all patients. This leads to forma-
tion of immune complexes and immune reactions with
potentially hazardous complications. In addition,
HuMADs may recognize epitopes that are overlooked
by the murine immune system.

The development of HuMAbs that react with gangli-

-oside antigens on human cancer cells and the demon-

stration of their anti-tumor effect at the clinical level has

been reported (23,12). Patients with recurrent mela-
noma received intratumor injections of HuMAD to gan-

glioside GD2 or GM2, and partial or complete regres-

‘sion was observed in about 70% of the patients. In those

melanoma patients in whom the immunotherapy was
ineffective, the target antigen GD2 or GM2, was not
expressed on the tumor cells.

Because the quantity and quality of ganghosides on
human melanoma are widely heterogeneous between
different cancer patients, it 1s desireable to avoid unnec-
essary administration of HuMADb by examination of a
pre-treatment biopsy to identify which gangliosides
dominate on each patient’s tumor cells.

There are three different immunological assays
which have been used to detect the quality and quantity
of gangliosides present on a given tumor. They include:
the immune adherence assay (I1A); direct immunofluor-
esence with fluorescinated microspheres; and JA ab-
sorption, and a biochemical assay. These assays each
have certain limitations and advantages. The immuno-
logic assay requires single cell suspensions from the
biopsied tumor tissues. However, it is often difficult to
obtain viable high yield tumor cell populations. Also,
under a light microscope, tumor cells may not be
readily distinguished from monocytes and macro-
phages. The biochemical assay does not require intact
cells. However, a relatively large volume of tumor is
necessary for ganglioside extraction and measurement
of sialic acid in the glycolipid preparation.

The most commonly utilized immunologic techm'que
for dcﬁmng antigen. expression on blopsy specimens
using murine monoclonal antibodies is immunohisto-
chemical staining of tissue sections. However, this sensi-
tive method is not readily applicable to combinations of
human monoclonal antibodies and human tissues. The
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indirect staining of human tumor tissues with the second
antibody (anti-human Ig) usually results in high back-
ground from non-specific binding to abundant endoge-
nous human Ig. Direct immunostaining using bi-
otinylated human monoclonal antibodies may over-
come this high background (30). However, this method
is usually less sensitive and 1s most effective when a high
density antigen is present on the cell surface.

As is apparent from the above background, there
presently is a need to provide additional types of anti-
idiotype antibodies which can be used as surrogate
antigens in treating tumors. There also is a need to pro-
vide an improved method for detecting the presence of
specific antigens on human tumor tissue to aid in select-
ing which anti-ids, or other monoclonal antibodies are
to be used in treatment.

SUMMARY OF THE INVENTION

In accordance with the present invention, a new
group of murine monoclonal anti-idiotype antibodies
has been discovered which mimics the sialic acid-galac-
tose residue of tumor gangliosides. It was discovered
that the beta-type anti-ids in accordance with the pres-
ent invention are useful as a surrogate antigen for use in
treating cancers such as melanoma. It was further dis-
covered that the alpha-type anti-ids in accordance with
the present invention are useful in immunohistochemi-
cal staining procedures to provide sensitive and specific
detection of gangliosides present on tumor cells.

The anti-idiotype antibodies in accordance with the
present invention are raised against a human mono-
clonal anti-ganglioside antibody which 1s identified as
L612. The L612 antibody is produced by a B-lympho-
blastoid cell line which is maintained at the Division of
Surgical Oncology at the University of California at
Los Angeles School of Medicine.

The anti-idiotype antibodies in accordance with the
present invention may be either an alpha-type or a beta-
type. Both types are produced in relatively large quanti-
ties by hybridoma cell lines. As a feature of the present
invention, a particularly suitable hybridoma cell line
identified as 4C10 has been developed for producing
beta-type anti-ids in accordance with the present inven-
tion. The 4C10 hybridoma cell line 1s maintained at the
division of Surgical Oncology at the University of Cali-
fornia at Los Angeles School of Medicine and has been
deposited at the American Type Culture Collection
under ATCC assession number HB10722 on Apr. 4,
1991 (12301 Parklawn Drive, Rockville, Md. 20852).
The beta-type monoclonal anti-id produced by the 4C10
hybridoma is expected to be useful in treating mela-
noma tumors.

As another feature of the present invention, a second
hybridoma cell line has been isolated which is particu-
larly well-suited for producing alpha-type monoclonal
anti-ids in accordance with the present invention. This
hybridoma cell line has been identified as 18C6 and 1s
also presently maintained at the Division of Surgical
Oncology at the University of California at Los An-
geles School of Medicine. The 18C6 hybridoma cell line
has been deposited at the American Type Culture Col-
lection under ATCC assession number HB10723 on
Apr. 4, 1991. The alpha-type anti-id produced by the
18C6 hybridoma cell line has been found to be useful 1n
improving the specificity of immunohistochemical
staining of tissue sections to determine which ganglio-
sides are present on tumor cells.
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The above-described features along with many other
features and attendant advantages of the present inven-
tion will become apparent as the invention becomes
better understood by reference to the following detailed
description.

DETAILED DESCRIPTION OF THE
INVENTION

The anti-idiotype antibodies (anti-ids) in accordance
with the present invention are mouse lIgG(Kappa)
monoclonal antibodies which are raised to the mono-
clonal antibody identified as 1.612 which is secreted by
the human B-cell line that is also 1dentified as L.612 and
which is maintained at the Division of Surgical Oncol-
ogy at the University of California at Los Angeles
School of Medicine. The L.612 cell line has been depos-
ited at the American Type Culture, Collection under
ATCC accession number CRL 10724 on Apr. 4, 1991.

The L1612 cell line was established in culture from
lymphocytes by the Epstein-Barr virus transformation
technique used to produce two other human mono-
clonal anti-ganglioside antibodies, .55 (anti-GM2) and
L72 (anti-GD2) (26-27). The L612 monoclonal anti-
body reacts strongly with human melanoma tumor bi-
opsies. The L 612 antibody also reacts less strongly with
human tumor biopsies from lung cancer, breast cancer,
pancreatic cancer, colon cancer and kidney cancer. The
UCILLASO-M12 melanoma cell line was identified as the
most reactive cell line among the lines tested with the
L.612 monoclonal antibody. The UCLASO-M12 cell
line is maintained at the Division of Surgical Oncology
at the University of California at Los Angeles School of
Medicine.

The L612 cell line was initially grown in RPMI 1640
medium containing fetal bovine serum, but later was
adapted to a serum free medium containing a growth
factor (SGF-6S) in CEM 2000 from Scott Laboratories,
(Carson, Calif.); or AIM medium from Gibco Laborato-
ries, (Grand Island, N.Y.). Human IgM 1n the spent
medium was purified as previously described (25).

The anti-ids in accordance with the present invention
are produced by hybridomas which are prepared ac-
cording to the following exemplary procedure:

BALB/c mice were immunized by a subcutaneous
injection of 200 ug of purified L612 monoclonal anti-
body in complete Freund’s adjuvant. After 2 weeks the
animals were boosted by another subcutaneous injec-
tion of L612 in incomplete Freund’s adjuvant. Eleven
days following the booster, the mice were injected in-
traperitoneally with 200 ug of L1612 in saline. After
three days the spleens were removed and the spleno-
cytes fused with myeloma cell line SP2/0 using the
standard procedure to produce hybridomas.

After HAT medium selection, hybridoma culture
wells were tested for antibody using ELISA. Hy-
bridomas secreting anti-ids (AB2) were identified by
their strong binding reactivity to HuMAb L.612 and
absent reactivity to three other control human IgMs:
L55, 172, and human serum IgM. Unrelated proteins
used as antigens included fetal bovine serum and human
serum albumin. 50 ul of IgMs or proteins (50 ug/mi)
were coated on a 96-well ELISA plate and served as
antigens to detect AB2. Peroxidase-conjugated goat
anti-mouse IgG+IgM was used as the AB2 detection
probe followed by substrate and reading absorbancy at
490 nm as described previously (19).

HAT selection of approximately 2500 hybridoma
culture wells which were prepared as described above
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yielded 40 hybridomas secreting antibodies with dis-
tinct reactivity to 1.612 HuMADb, but no reactivity to
three other control human IgMs and two unrelated
serum protein antigens. To determine whether these
anti-L612 antibodies were AB2 beta-type directed
against the antigen combining site of L612, or were
AB2 alpha antibodies bound to peptide regions outside
the antigen-combining site of 1612, the inhibitory activ-
ity of these anti-1.612 antibodies against 1.612 binding to
GM3 positive target cell lines or to the purified antigen,
ganglioside GM3, was tested. Ganglioside GM3 in-
cludes a terminal sugar having NeuAc « 2-3 Galactose
residue. The three assay systems were: 1A inhibition,
cell-ELISA inhibition, and GM3-ELISA inhibition. Of
the 40 antibodies tested, seven inhibited L.612 binding t
O an antigen positive target melanoma cell line,
(UCLASO-M12), and to GM3 greater than 50% in the
assays, while 12 others had weak or no inhibitory activ-
ity.

Of the seven inhibitory anti-ids, one identified as
4C10 was selected for cloning as the preferred beta-type
anti-id for use in treating tumors. From the non-inhibi-
tory group the anti-id identified as 18C6 was selected
for cloning as the preferred alpha-type anti-id for use in
immunodiagnostic assays. Both anti-ids, 4C10 and
18C6, were tested with isotype antigloboulins and
found to be of the IgG1 class and contain kappa light
chains.

The 4C10 and 18C6 cioned hybndoma cell lines were
grown in FCS-containing RPMI 1640 medium and
secreted 35-10 ug/ml of antibody into culture superna-
tants. Titers of the anti-ids in these culture supernatants
against 1612 by ELISA ranged between 1:200 to
1:1000/10% hybridoma. Anti-id 18C6 demonstrated low
binding inhibition of HuMAb 1612 to target cells in the
1A assay (0%) and to ganglioside GM3 in ELISA (0%)
whereas 4C10 at the same antibody concentration
showed strong inhibition in both the ELISA assay
(100%) and the 1A assay (100%). As a control assay,
4C10 and 18C6 failed to inhibit the binding of an unre-
lated antigen system, HuMADb L72, to M14 target cells,
or to GD2 antigen. The lack of binding inhibition of
18C6 indicates a binding location on L612 outside the
GM3 antigen combining site, and the specific binding
inhibition of 4C10 indicates its binding location to be
within or near the antigen combining site.

The hybridoma cell lines which secrete the 4C10 and
18C6 monoclonal anti-ids are, as previously mentioned,
being maintained at the Divsion of Surgical Oncology
~ at the University of California at Los Angeles School of
Medicine. The 4C10 hybridoma cell line has been de-
posited at the American Type Culture Collection under
ATCC accession number HB10722. The 18C6 hy-
bridoma cell line has also been deposited under ATCC
accession number HB10723.

The 4C10 anti-id and other beta-type anti-ids in ac-
cordance with the present invention can be used alone
or in combination with other agents to treat tumors.
They are preferred for use in treating melanoma tu-
mors. These beta-type anti-ids may also be used as an
immunomodulator to enhance anti-cancer immunity,
suppress Organ transplant rejection and suppress auto-
immune disease.

The beta-anti-ids of the present invention may be
administered by any of the conventional procedures
used to introduce antibodies into patients. These proce-
dures include subcutaneous, intravenous Or intratumor
injection. The beta-type anti-ids are preferrably conju-
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gated with KILH and emuisified in a suitable carrier
typically used for administration of antibodies. The
particular doses used for the beta-type anti-ids will vary
depending upon the tumor being treated and numerous
other factors. The dosage levels are established by the
known techniques and principles generally recognized
and utilized in treating patients with antigen immuniza-
tion agents or monoclonal antibodies.

The immunogenic usefulness of the beta-type anti-ids
was demonstrated as follows:

Five syngeneic Balb/c mice were immunized with
purified 4C10-KLH. As controls, four mice were immu-
nized with mouse IgG1-KLLH and one mouse with
KL H alone. The immunized sera were monitored by
ELISA using purified GM3 as the antigen source and
by the 1A assay using the antigen positive M12 mela-
noma cell line. In the ELISA, peroxidase conjugated
goat anti-mouse IgM 4+ 1gG (Boeringer Mannheim) was
used as a second antibody.

Measurable antibody (AB3) was produced in three of
the five immunizations with 100 ug 4C10-KLLH. The
immunized sera bound to GM3 but not to CDH (asialo-
GM3). Sera from the control mice immunized with
IgG-KLH or KILH alone gave no response to either
glycolipid. In further analysis to determine the Ig class
of the AB3 (ELISA and TLC immunostaining), the
majority of the reactivity was identified as IgM.

In order to exclude the species specific natural anti-
bodies that might react to M12 cells in the 1A assay, the
immunized murine sera were pre-absorbed by human
red blood cells at 4° C. overnight. An IA score of 4+
was obtained at 1:10 dilution of the absorbed sera. Con-
trol sera gave no reactivity even at 1:2 dilution. To
confirm that the positive reactivity was directed against
GM3 antigen on the cell surface, IA mmhibition was
performed using GM3 (10 ug), CDH (10 ug), 4C10 (10
ug) and unrelated IgG1 (10 ug) punfied from Baib/c

“hybridoma ascites. While reactivity was completely

inhibited by GM3 or purified 4C10, no inhibition was
obtained with CDH or unrelated 12G1.

The above example demonstrates that beta-type anti-
ids 1n accordance with the present invention produce
AB3 anti-bodies which are immunoreactive with mela-
noma tumors. Accordingly, these beta-type anti-ids are
expected to be effective as an immunization agent in the
treatment of melanoma.

The alpha-type anti-ids produced 1n accordance with
the present invention are well-suited for use in im-
munodiagnostic procedures such as a three-step celi-
ELISA procedure and a three step immunoperoxidase
staining of tumor tissue sections. Examples of practice
are as follows:

Three-Step Cell-ELISA

Viable M12 cells (1 X 10°) were plated onto a U-bot-
tom 960well microtiter plate (Immulon-1, Dynatec)
after pre-blocking with 1% BSA-PBS. 50 ul of L612
(100 ug/ml) were added and incubated for 1 hour at
room temperature. After washing the mixture to re-
move unbound HuMAb L612, the cells were incubated
with murine monoclonal anti-id 18C6 (100 ug/ml) for 1
hour at room temperature. After washing, 50 ul of
peroxidase-conjugated goat anti-mouse IgG antibody
(1/10,000 diluted) (Jackson Immuno Research) were
added and the plate was incubated for 30 minutes. After
washing with PBS solution, the substrate for peroxidase
was added and binding activity was determined as a
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function of absorbance at 490 nm with a V... kinetic
microplate reader.

When the antigen combining sites of L1612 are occu-
pied by GM3 expressed on tumor cells, the cell bound
L.612 should have reduced its binding activity to anti-id
beta, yet still retain full binding activity to anti-id alpha.
The above-described procedure confirmed this process
using cultured M12 melanoma cells which express a
high density of the corresponding antigen.

The above-described cell binding assay represents a
modified form of the ELLISA technique. Several control
assays were included to establish the specificity of the
positive reaction. Control anti-ganglioside HuMAbs
included L55 (IgM anti-GM2) and 172 (IgM anti-
GD2), both of which exhibit strong binding ability to
the GM2 and GD2 rich M14 melanoma cell line (26,
27). The anti-id 18C6 reacted strongly to M 12 cells after
pre-incubation with HuMaB L 612, but did not react to
M14 cells that were pre-incubated with L35 or L72
HuMADb. The peroxidase-conjugated anti-mouse Ig also
failed to react with M12 cells in other controls includ-
ing murine anti-id alone, 1612, or L612 plus (anti-1d
beta).

The cell-ELISA assay was then applied to several
other human tumor cell lines. A two-step cell binding
assay (HuMAb +peroxidase-conjugated anti-human
IgM) was compared with the three-step cell-binding
assay to evaluate the validity of the three-step assay.
The three-step assay had paraliel reactivity with the
two-step assay and was slightly more sensitive in almost
every cell line. This data indicates that the ELISA
absorbancy value of the three-step assay accurately
reflects differences in the density of cell surface GM3
antigens and correlates closely with the two-step in
VILIO assays.

Three-Step Immunoperoxidase Staining of Tissue
Sections

Tissue sections 4 um thick were cut from tissues
freshly frozen in OTC compound and immediately fixed
in cold formaldehyde buffer (12 g Tris buffer, 9 g so-
dium chloride, 40 ml 37% formaldehyde, pH 7.4) and
air dned. Slides were dipped in Tris buffer for five
minutes then treated with 3% hydrogen peroxide for 10
minutes to quench endogenous peroxidase activity.

After washing in running water for five minutes,
sections were overlaid with 5% normal human serum
for 20 minutes. HuMAb L612 (10 ug IgM in 200 ui) was
then applied and incubated for 45 minutes. The slides
were washed in Tris buffer for 5 minutes, the purified
anti-id 18C6 (10 ug IgG1 in 200 ul) was applied and
incubated for 30 minutes.

After washing the slides again, the third antibody, a
biotinylated goat anti-mouse IgG (Vector Laboratories,
Burlingame, Calif.) at 1/100 dilution was applied and
incubated for 25 minutes. Proxidase-conjugated strep-
tavidin (1/1000 dilution) (Zymed Laboratories, San
Francisco) was added after washing and incubated for
20 minutes. After washing, the slides were immersed in
substrate solution containing 6 ml amino-ethyl carba-
zole, 50 ml of 0.02 M sodium acetate buffer (pH 5.1),
and 0.4 ml of freshly prepared 3% hydrogen oxide for S
minutes. The slides were washed once more in tap wa-
ter, counterstained with hematoxoylin, and cover-slips
applied to the stained sections using glycerol-gelatin.

The immunoperoxidase three-step assay described
above was applied to surgically biopsied tumor tissues
that had been snap frozen. HuMAb L612 was found to
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react with 100% of nevus tissue (10/10), 100% of mela-
noma (14/14), 40% of lung caroinoma (2/5), and 33%
of breast carcinoma (2/6) and 1 of one colon carcinoma.
Positive reactivity was not seen in sarcomas (0/2)
tested, nor in the normal skin tissues examined (0/3).
Non-cancerous portions of antigen-positive tumor sec-
tions and a normal skin tissue were clearly negative.
None of the tumor tissues were positive in the absence
of L612. Specificity was further confirmed by an addi-
tional control experiment: positivie tissues were not
stained when they were pre-treated with unrelated
human monoclonal antibodies (.72 or LS5 HuMADbDs).

These above results show that murine anti-id alpha in
accordance with the present invention 1s a sensitive and
specific probe for use in detecting huMAbs bound to
biopsied tumor tissues and to identify expression of
ganglioside antigens on biopsied human tissues.

Having thus described exemplary embodiments of the
present invention, it should be noted by those skilled in
the art that the within disclosures are exemplary only
and that various other alternatives, adaptations and
modifications may be made within the scope of the
present invention. For example, the anti-ids in accor-
dance with the present invention may be used to make
chimeric antibodies which are also useful in a variety of
treatments or as diagnostic reagents. The anti-ids may
also be used in other diagnostic procedures such as
competitive binding assays. Accordingly, the present
invention is not limited to the specific embodiments as
illustrated herein, but is only limited by the following
claims.
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What is claimed 1s:

1. A murine monoclonal anti-idiotype antibody raised
against a human monoclonal anti-ganglioside antibody
identified as 1.612 under ATCC accession number
CRL 10724 said anti-idiotype antibody including an
antigenic determinant that mimics a sialic acid galactose
residue of gangliosides present on tumors wherein said
anti-idiotype antibody is an alpha-type anti-idiotype
antibody produced by a hybridoma which 1s identified
as 18C6 and which is deposited at the American Type
Culture Collection under ATCC accession number
HB10723.

2. A hybridoma which is i1dentified as 18C6 and
which 1s deposited at the American Type Culture Col-
lection under ATCC accession number HB10723.

3. A method for detecting the presence of human
monoclonal antibody bound to human tumor tissue
comprising the steps of treating said human tumor tissue
with an immunoreactive amount of anti-idiotype anti-
body for a sufficient time to allow said anti-idiotype
antibody to bind to human monoclonal antibody; and
detecting the presence of any anti-idiotype antibody
which becomes bound to said human monoclonal anti-
body, wherein said anti-idiotype antibody is an alpha-
type anti-idiotype antibody produced by a hybnidoma
which is identified as 18C6 and which 1s deposited at the
American Type Culture Collection under ATCC acces-
sion number HB10723.
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